Abstract. A 2x2 mixed design experiment (N=52) was conducted to examine the effects of search method and task complexity on users' information-seeking performance and affective experience in an e-commerce context. The former factor had two within-participants conditions: keyword (KW) vs. natural language (NL) search; the latter factor had two between-participants conditions: simple vs. complex tasks. The results show that participants in the complex task condition were more successful when they used KW search than NL search. They thought the tasks were less difficult and reported more enjoyment and confidence with KW search. In the meantime, simple task participants performed better when they used NL rather than KW search. They also perceived the tasks as easier and more enjoyable, and had higher levels of confidence with the results, when NL was used. The findings suggest that NL search is not the panacea for all information retrieval tasks, depending on the complexity of task. Implications for interface design and directions for future research are discussed.
Introduction
From punch cards to keyboards to graphical user interface (GUI) to voice interface (VUI), computer interfaces have evolved to allow increasingly intuitive and natural interactions between users and computers. Among all the breakthroughs and improvements, the use of natural language (NL) as a means of input and output during human-computer interaction (HCI) is one of the most researched areas. The promising future of NL-based conversational interfaces (especially with the presence of computer agents) has been widely lauded by visionaries such as Brenda Laurel [1] . Although no one has yet to be able to claim complete success in natural language generation and processing, progress is being made every day: from text-based software agent (e.g., Microsoft TM Clippy) to speech-recognition customer services automation (e.g., United Airlines' flight information hotline), NL-based technologies have advanced into our daily life.
With the explosion of information brought by the Internet and computers in different forms, information retrieval has become a hot issue that concerns researchers and general users alike. Along with the phenomenal increase of data storage capability, information retrieval interfaces have become a research focus that is gaining more attention than ever before. In the HCI research community, the literature about seeking and interacting with information is incredibly rich with design principles and maxims [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . However, most of those usability research projects were focused on keyword (KW) search. In the meantime, NLP researchers have focused on building robust knowledge based system [12] [13] [14] [15] [16] ; little attention has been given to interface issues.
Natural language search has been made possible in some specialized areas such as U.S. legal materials [17] as well as in everyday contexts such as askjeeves.com [18] . Users may type full sentences when natural language search is available. Boolean search, on the other hand, has thus far been the dominant means of information retrieval. However, our observation and informal interviews reveal that average users are not familiar with Boolean search. Most of the time what they use are just keywords or key phrases without operators such as "+" and "/". For an average user, "Boolean search" quite possibly equals to "keyword search."
The most relevant piece of literature to the present paper is Turtle's [19] study comparing natural language and Boolean query. In two experiments comparing information retrieval performance from collections of full-text legal materials, Turtle found that searchers using a then current-generation natural language system were more successful than expert users who relied on Boolean search. The results seem to herald the proliferation of natural language search systems.
However, there is one major problem with Turtle's studies: the natural language queries were not free-will sentences made up by the searchers. Instead, all "natural language" queries were guided by a set of issue statements made available to the searchers. It is quite likely that these "trained" queries boomed the performance of natural language understanding. As a result, the conclusion of Turtle's study has to be interpreted carefully.
In this paper, we attempt to compare natural language and keyword search within a more everyday context: e-commerce customer support, with untrained average users. We are also interested in how task complexity affects users' interaction with information retrieval interface. Our hypothesis is that increased task complexity will significantly undercut users' performance with natural language system, because it is difficult for users to turn complicated search requests into concise NL queries that can be understood by the computer.
Method

The Two Interfaces
The natural language search interface was the AIM chat-room, with a natural language agent created by Conversagent, Inc. [2] . Popular search interfaces such as askjeeves.com encourages users to type keywords or questions on the same webpage. However, we believe that online chat interfaces such as that of AIM is much more conducive to natural language input than is a small text box on a webpage. Agents available for AIM users included My eBay Buddy, AgentBaseball, EllegirlBuddy and SmarterChild. My eBay Buddy answers frequently asked questions about buying and selling on eBay. AIM users can add these agents to their buddy lists so as to chat with them and acquire information from them. For the keyword search condition, we used the eBay Help website, the parallel website to My eBay Buddy. Figure 1 shows the two interfaces side by side. Search results provided by My eBay Buddy were presented in a conversational manner while eBay Help website returned results in a typical list of ranked links. We are fully aware of the differences between the two presentation formats. However, these forms of presentation are essential parts of the two radically different interfaces and should not be studied separately. Behind the interfaces, the eBay Help website and My eBay Buddy shared the same database. That is to say, two identical queries with the two interfaces would get the same information.
Search Tasks
There were two task categories: complex and simple. Complex search tasks included eight questions concerning eBay transactions; the number of simple search tasks was 20. Compared to simple tasks, complex tasks were more difficult with either NL or KW interface. Finishing a complex task often involved integrating information from different aspects related to the task. For example, one complex task was to find out how much people must pay eBay if they were selling a $35 merchandise. Users had to find information about listing fee, final value fee, eBay picture service fee, etc., and combine the information for a correct answer. Our pre-test indicate that people spend about the same amount of time to finish eight complex tasks as to finish twenty simple tasks.
The following are two of the simple tasks used in the present experiment: -Please find out what the gift icon means.
-Please find out what the different colored stars mean.
In the meantime, complex tasks look like these: -Please find out if it is legal to place a bid right before the auction closes.
-Please find out what you should do if you don't want a certain person to bid on your item.
For a full list of search tasks used in the present study, please visit http://www.stanford.edu/~wangqy/projects/tasks.htm.
Participants
All native speakers of English, 52 college students (N=52) from an introductory communication class participated in the experiment for course credit. They were randomly assigned to all conditions, with gender balanced across conditions. None of the participants had ever sold anything or bought more than three items on eBay.com. Experiences with AIM were also balanced across conditions. All participants signed informed consent forms upon arrival at the lab and were debriefed upon the completion of the experiment.
Procedure
The experiment had a 2x2 mixed design, with search complexity (simple vs. complex) as the between-participants factor and search interface (keyword vs. natural language search) and the within-participants factor. Participants performed search tasks in a research laboratory equipped with personal computers. Upon arrival to the laboratory, each participant was seated and assigned to a computer with both Internet Explorer and AIM.
After reading instructions on-line, participants were given a list of either simple or complex tasks about buying or selling items on eBay. For half of the tasks, participants used keyword search on the eBay Help website (i.e., KW); for the other half, participants conversed with My eBay Buddy (i.e., NL) to find the answers. Half of the participants started with KW and the other half started with NL. Participants typed in an answer when they thought they had found one, indicating whether they believed that they had found the correct one. Upon finishing each task, participants responded to several questions about the finished task.
Measures
Actual performance was computed as the percentage of questions that the user answered correctly. Perceived performance was computed as the percentage of questions that the users believed that they had answered correctly. Time on task was the average amount of time completing each search.
Questions concerning perceived task difficulty, pleasure, and confidence in working with the search interface were asked for each task. Participants used radio buttons to indicate their responses for these questions. Each question had an independent, 10-point Likert scale. Perceived task difficulty was an average across searches of responses to the questionnaire item, "How difficult did you feel the search was?" Enjoyment was an average across search questions of responses to the questionnaire item, "How enjoyable did you find the search?" Confidence was an average across search questions of responses to the questionnaire item, "How confident were you with your answer?
Results
Manipulation Check
Time to finish complex tasks and simple tasks were recorded during the study. Consistent with our manipulation, complex searches took longer than simple search for both keyword [F(1, 24)=107.6, p<.001] and natural language [F(1,24)=55.6, p<.001; see Table 1 ]. There was no statistical difference for time on task between the keyword search and natural language search (p>.05). Complex task participants were more successful in finding the needed information with KW than with NL; they also perceived more success in the KW condition. Conversely, simple task participants were more successful with NL than with KW, and they perceived more success in the NL condition. We re-examined the perceived difficulty data with actual performance as covariates. The analysis reaffirmed our finding of an interaction effect between task complexity and search interface on perceived difficulty [F(1,50)=28.95, p<.001]. That is, even after adjusting the actual performance score, keyword search was preferred for complex tasks and natural language was preferred for simple tasks.
Task Enjoyment and Confidence with Answers. Participants' perception of enjoyment and confidence with the search interfaces were analyzed. Table 2 presents the means. Consistent with participants' perception of enjoyment, there was an interaction for confidence with answers (even after controlling for actual performance): Participants were least confident while working with complex tasks using NL and most confident while working with simple tasks using NL [F(1,50)=70.9, p<.001; control:
Participant were more confident while working with KW search than with NL queries [F(1,50)=8.56, p<.01]. Interviews with participants during debrief sessions concerning confidence are discussed in the following section. Not surprisingly, complex tasks made user feel less confident than simple tasks [F(1,50)=15.4, p<.001].
Discussion
Results of the present study suggest that the selection of search interface has important and systematic effects on user performance and perceptions. However, these effects are conditioned by the complexity of search task and the nature of queries. The general pattern we found was that NL was better (in both reality and perception) than KW search for simple search tasks, while KW search was better (in both reality and perception) than NL for complex search tasks. The type of search interface had no direct effect on either perceived task difficulty or enjoyment, although participants were more confident with KW than with NL search. During debriefing, several participants said that they felt more confident with KW because they had browsed pages or links that gave them peripheral affirmation. It is important to note that although there was no difference in terms of actual search performance, participants believed that they obtained more correct answers by using the KW interface than the NL interface.
Task Complexity Effect and Implications
One clear problem with NL search is that even good NL systems have problems understanding users. This was true for almost all dialogs between complex task participants and the Buddy. When the understanding failed, My eBay Buddy revealed its inability to understand the participant by asking questions back to the participant, thus giving the participant an impression that he/she was engaged in a conventional conversation with the Buddy as if the Buddy was another person.
In a conventional (i.e., human-human) conversation, people adjust their communication strategies by asking and responding to questions in order to establish some "common ground" so as to enhance understanding [21] . When a computer agent tries to talk like a real person, the user would subsequently raise his/her expectations of the agent's ability to understand. Some previous research [22, 23] has suggested that users may say things more freely when they have high expectations of the agent than when they have low expectations. The freer utterances from the user consequently impose extra burden on natural language processing system. The gap between unconstrained user utterances and the limited understanding capability of NL agent thus frustrates the user and lowers user satisfaction.
When using the Buddy in the present study, participants with complex tasks in general found it difficult to form concise questions. As a result, they had to ask more questions than did simple task participants. Given the limited natural language processing capability of the Buddy, the more questions participants asked, the more likely the Buddy would fail to understand. Also, the more unconstrained the questions were, the more likely the Buddy would appear ignorant. It would be a great idea if the agent is able to constrain user utterances by leveraging the "alignment" phenomenon observed in human-human dialogs [24] .
On the other hand, under the simple task condition where the NL agent was able to understand and to offer relevant responses, user satisfaction was high. In fact, during our debrief sections, several simple task participants mentioned that they felt the Buddy was really smart when it asked questions back to confirm its understanding of participants' queries. Under such circumstances, it seemed to be acceptable for the agent to behave like a human being.
The above findings suggest that a natural language agent should adapt its response style according to its confidence level in understanding user input. A low confidence level means that the agent should reduce sentential responses because large amounts of sentential responses may mislead the user to expect the same intelligent output from the agent as from a human conversant. The user's increased level of expectation may lead to a decrease in satisfaction with the agent if the agent performs poorly.
Future Research Directions
In the present study, participants were not given the freedom to choose between the two interfaces; failure rates on complex tasks were high for both NL and KW search. One potential direction for future research is to investigate the interchange between KW and NL interfaces. Task performance and perceptions are likely to be different when users are able to switch from one interface to the other if they think that the initial interface is ineffective. The research question here is whether or not combining two search interfaces/methods could provide better user experience with information retrieval systems.
As noted earlier, it is important to understand how the response style of the agent influences user behaviors and attitudes. Some earlier studies have demonstrated that linguistic variations such as sentence length may affect users' input by soliciting alignment (i.e., mirroring) behaviors from them [22, 25] . However, linguistic alignment is a two-way process. How users would evaluate an aligning agent versus a nonaligning agent is still to be explored. On top of that, researchers may further determine when and how a computer agent should align with the user to achieve or improve user satisfaction.
Final Words
The design of search methodology requires an understanding of the complex interaction between technology, psychology, and context. While one could have a reasonable argument over whether KW search is better than NL-based information retrieval, or vice versa, the present study shows that the "KW vs. NL" argument is inadequate without reference to the particular task and the model of search that the user brings to the task.
